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Physiology, 
Intrapulmonary 

pressure



Negative Pressure 
19th-century negative-pressure 
ventilators. 

Multi-person negative-pressure ventilator 
at Boston Children's Hospital, 1950s

Respiratory Care August 2011, 56 (8) 1170-1180



History of Positive pressure ventilation
1756’ Coleman’s “bellows-to-nose” 
London

1780’ Chaussier’s  bag and mask
France

Anesthesiology 2016, Vol.124, 301-311



History of Positive pressure ventilation
1910’ Dragger Pulmomotor
Germany

1910’ Green and Janeway rhythmic 
inflation apparatus

Respiratory Care August 2011, 56 (8) 1170-1180









Leak Port Circuit  vs  Active Exhalation Valve

vs.

Single limb with active 
exhalation valve 
(non-vented circuit)

Double limb as in ICU 
vent

Single limb with leak port (or vented circuit)

CO2 re-breathing (+)
Intentional leak (+)

CO2 re-breathing (-)
Intentional leak  (-)



Circuit configurations for noninvasive 
ventilation

• Intentional leaks
• Exhalation valves (hole) in distal tubes 

or masks
• Different by masks and pressures 

applied
• Important for CO2 washout 

• Unintentional leaks
• Around masks
• Always occurs



Thorax. 2016 Apr;71 :ii1-35.





Monitoring NIV
• Initial period may be ‘labor intensive’

• Facilities to intubate always available

• Consider intubation if:
• No improvement in 1st hour
• Deterioration in level of consciousness
• NIV poorly tolerated
• Inadequate secretion clearance



Risk Factors for NIV Failure (5-60%)

• Selection of inappropriate 
ventilator settings

• Assess clinical trajectory after 
1–2 h of initiation of NIV

• rapid shallow breathing index 
(RSBI)

Respir Care 2009;54(1):62-70.



Prognostic factors associated with NIV failure

Box 1 Prognostic factors associated with NIV failure

NIV, non-invasive ventilation.

Patient factors

   Radiological consolidation

   High secretion load

   Poor nutritional status

Intervention factors

   Patient ventilator asynchrony

   High leak levels

Outcome factors

   Failure to have physiological improvement in gas exchange in 1st hour of therapy

J Thorac Dis. 2018 Jan; 10(Suppl 1): S71–S79.



Technical issues: NIV is failing

BTS/ICS guideline Thorax. 2016 Apr;71 :ii1-35.



Definitions for Air Leaks
External leaks: 1, 2, 3

Internal leaks: 4, 5, 6



Aerophagia

Esophageal sphincter can resist pressure of 
15 – 20 cmH2O.

So, at higher pressures, some of air can go 
to the GI tract

è ↓TV, ↑Elastic work

Rabec et al. Arch Bronconeumol 2004;40:508-517



Severe gastric insufflation while receiving NIV.



Auto-Trigger

Vrijsen et al. Respir Care 2015;60:1337-1362



Arch Bronconeumol. 2012;48(5):170–178



“Two fingers” and skin protection



Helmet mask for compliance

http://jamanetwork.com/learning/video-player/13008411



Interfaces for noninvasive ventilation. 

Respir Care 2009;54(1):71-84.

Top (left to right): nasal 
mask, nasal pillows, 
oronasal mask, hybrid 
mask.

Bottom (left to right): 
oral mask, total face 
mask, helmet

http://ersbuyersguide.org/



When to sedate,
• 85%, Sedation /  94%, Anagesia 

and / 72%, hand restraints, 

• Benzodiazepine alone (33%), 
Opioid alone (29%)

• Remifentanil-based sedation
• Dexmedetomidine had favorable 

outcome

Crit Care Med 2007;35(10):2298-2302.



When to intubate,

• To Assess clinical trajectory after 1–2 h of initiation of NIV
• pH  < 7.25
• RSBI >105
• lower level of consciousness
• more hypoxemic
• No Sx improvement

• RR



Bilevel pressure ventilation, all parameters in volumetric ventilators



RCT - COPD

Noninvasive ventilation 
– Standard Treatment – Non-invasive pressure support ventilation 
– 6≥hours /day and depending on the clinical tolerance of the patients
– Spontaneous breathing for 2 hours

COPD and NIV (85 COPD patients)
– Reduces mortality 74% vs 26%– Reduces intubation rate 29% vs 9%
– Reduces hospital length of stay 35 vs 23 days



Early stages of modern NIVRestrictive respiratory failureVolumetric ventilatorsNasal mask Adaptation of patients in hospitalUse of nocturnal pulse oximetry 



NIV for Acute Hypercapnic RF 
d/t COPD AE

Cochrane Database Syst Rev. 2017

NIV decreased the need for intubation, 
relative risk (RR) of 0.41 (95% CI 0.33–0.53); 
(NNT) of 4 (95% CI 4–5). 

NIV decreased mortality, 
RR of 0.52 (95% CI 0.35–0.76) NNT of 10 
(95% CI 7–20).



Negative mechanical effects of dynamic 
hyperinflation

Thorax. 2006 Apr;61(4):354-61.



Cardiac dysfunction during severe COPD 
exacerbations
• Acute development of DH (and PEEPi) may reduce RV preload as a 

result of impaired venous return

• Pulmonary artery pressures are generally higher at any cardiac output
• increased right ventricular afterload

• RVEDP↑ à impair LV filling



Thorax. 2006 Apr;61(4):354-61.



NIV improves gas exchange during COPD 
exacerbations

• Increases in alveolar ventilation(VT)
• increase in PaO2, a decrease in PA–aO2, and a reduction in PaCO2

• Offloads the inspiratory muscles
• significant reductions in work of breathing
• extrinsic PEEP which counterbalances the effects of PEEPi,



Official ERS/ATS clinical practice guidelines: 
NIV for acute RF

Eur Respir J. 2017 Aug 31;50(2)



NIV to IMV vs IMV first

Am J Respir Crit Care Med. 2012 Jan 15;185(2):152-9.



Indication for invasive MV in COPD AE

BTS/ICS guideline Thorax. 2016 Apr;71 :ii1-35.



Not Intubated in COPD AE condition

CHEST 2013; 143(3):678–686



ECCO2R



Home NIV 
for COPD 
patients…

• With chronic hypercapnic respiratory failure

• To facilitate exercise capacity

• To promote pulmonary rehabilitation

• After acute respiratory failure

• In the future



Rationale
• In severe COPD, hypercapnia 

• V/Q mismatch or Dead space ventilation, 

• Respiratory muscle weakness:
• Change in configuration of the diaphragm caused by hyperinflation, which puts 

the diaphragm at a mechanical disadvantage
• Compromised nutrition, which is commonly encountered in severe COPD 
• Presumed "exhaustion" from the excessive resistive load imposed by the 

underlying disease

Am Rev Respir Dis. 1979;119(2 Pt 
2):151. 





Patient selection

• Nocturnal NIV 
• Daytime hypercapnia (eg, arterial carbon dioxide tension [PaCO2] 

≥ 52 mmHg), 
• Oxygen desaturation during sleep 

(eg, pulse oxygen saturation [SpO2] ≤88 percent for ≥5 minutes 
of ≥2 hours of nocturnal sleep oximetry) 
despite the use of supplemental oxygen at ≥ 2 L/min, 



Protocol for initiation 
in stable patients 

• EPAP 2 à 4-6 cmH2O / IPAP 6 à 12-20 cmH2O (+2)

• High intensity NIV (normalize PaCO2) 
• "low" IPAP (14 to 16 cm H2O) with a "high" 

IPAP (25 to 30 cm H2O) 
for 6 weeks and confirmed that the higher 
level was better tolerated

• FiO2 increased only after ventilation(synchrony) 
improved. 
Goal is to achieve SpO2 90 to 93 %

• Nasal to Facial mask Int J Med Sci. 2009;6(2):72. Epub 2009 Feb 27.
Thorax. 2010;65(4):303. 

Int J Chron Obstruct Pulmon Dis. 2012;7:811.



CO2 target (Permissive Hypercapnia?)

Cerebral effects

• An initial increase in respiratory drive followed by a depressed level of consciousness (also known as carb
on dioxide [CO2] narcosis) and reduced respiratory drive

• An increase in cerebral blood flow and intracranial pressure

Cardiorespiratory effects 

• reduced myocardial and diaphragmatic contractility

Clinical effects of acidosis, 

• cardiovascular instability/arrest, hypotension, and cerebral depression as well as decreased binding of calc
ium to albumin (ie, increase serum ionized calcium levels) and an extracellular shift of potassium.  



• Cytokine Response
• Inhibition of lung epithelial 

cell repair and function
• Renal effects
• Diaphragmatic and skeletal 

muscle effects
• Pulmonary circulation
• Buffered hypercapnic 

acidosis

Chest. 2018 Jul;154(1):185-195. 



Monitoring

• Patient's acceptance of the device, level of dyspnea, oxygenation, 
and stability of vital signs.

• “High Intensity" pressure support aiming to reduce PaCO2 or tcCO2 
by >4 mmHg 



Treatment failure

• Patient intolerance, as indicated by patient request to discontinue 
nocturnal assisted ventilation.

• Worsening dyspnea, hemodynamic instability, or unresponsive 
hypoxemia.

• Signs of respiratory failure. 
Criteria for respiratory failure include tachypnea (respiratory 
rate >24/min) and respiratory acidosis (eg, pH <7.35).



1. We suggest the use of nocturnal noninvasive ventilation (NIV) in addition to usual care 
for patients with chronic stable hypercapnic COPD 
(conditional recommendation, moderate certainty). 

2. We suggest that patients with chronic stable hypercapnic COPD undergo screening for 
obstructive sleep apnea before initiation of long-term NIV 
(conditional recommendation, very low certainty). 

3. We suggest not initiating long-term NIV during an admission for acuteon-chronic 
hypercapnic respiratory failure, favoring instead reassessment for NIV at 2–4 weeks 
after resolution (conditional recommendation, low certainty). 

4. We suggest not using an in-laboratory overnight polysomnogram (PSG) to titrate NIV 
in patients with chronic stable hypercapnic COPD who are initiating NIV 
(conditional recommendation, very low certainty). 

5. We suggest NIV with targeted normalization of PaCO2 in patients with hypercapnic 
COPD on long-term NIV (conditional recommendation, low certainty).







Am J Respir Crit Care Med 2013:3 :334



25명/29명 : tracheostomy 
4명/29명 : NIV 

전혀의사/장비업체와접촉
하지않은  경우: 5명

병원과어떤식으로든연결
되는환자 20명 (69%)

7명중 4명에서산소를중단
후산소포화도 : 95% 



간호 관리: 배우자 14명/29명 (48.3%)
관리에 소요되는 시간: 24시간(24명/29명) 

분비물 흡인 교육: 2명은 사전 교육을 전혀 받지 않음
인공호흡기 교육: 20명이 회사직원 4명 의사 2명 간호사
                           3명 전혀 배우지 못함  
경관식 교육 : 3명 전혀 배우지 못함



Volume assured 
pressure support mode

How  do we often analysis ?

What shall we do for our patient?  





Nasal High Flow Oxygen Therapy 
in COPD



1. Accurate FiO2 delivery

By Fisher & Paykel Healthcare



2. Anatomical Dead space ↓

By Fisher & Paykel Healthcare



3. Positive Airway pressure

Comparison of Interface & Breathing Method at 35 L/min 



4. Heated & Humidified

Optimized Mucociliary Clearance: Video microscopy of an ovine tracheal sample: 



5. Patient’s Comfort
• Major cause of NIV Failure; 5-

60%

• Early Failure
• P/F < 150
• SAPS II >35
• ARDS, Pneumonia, Sepsis, MOF 

(OR:4-28)
• RR>25 1) Immediate failure (within 1 h), 

2) Early failure (1 to 48 h), 
3) Late failure (after 48 h)

BMC Pulmonary Medicine2014 14:19



First studies of Nasal High Flow in COPD

• 11 patients with stable COPD
• 6 weeks of nasal high flow 

(20L/min)
• 6 weeks NIV

Multidisciplinary Respiratory Medicine (2015) 10:27



Stable home oxygen-dependent COPD patients

• 30 patients with long term oxygen therapy:
• 20 min with nasal high flow (30L/min)
• 20 min with conventional oxygen (2-4L/min)

Thorax. 2016 Aug;71(8)



Nasal highflow improves ventilation in 
patients with COPD (GOLD C/D, No AE)

Int J Chron Obstruct Pulmon Dis. 2016; 11: 1077–1085.



Open up the possibility to compare NHF 
and NIV in COPD AE

Int J Chron Obstruct Pulmon Dis. 2016; 11: 1077–1085.



vs long-term oxygen therapy
LTOT(2–4 L/min) vs NHF(30 L/min)
Cross-over (20min-20min-20min)

• Tidal volume (Vt) 
(0.50 vs 0.40, p=0.003)  

• End-expiratory lung volume (EELV) 
(174% vs 113%, p<0.001)

• Subjective dyspnoea and interface 
comfort 
LTOT > NHF

Thorax. 2016 Aug;71(8):759-61



Type2 Respiratory Failure in COPD
• Pts with CIx to NIV

• Present evidence for NHF is still 
anecdotal

• Worth trying in desperate cases 
where no other option is 
possible.

Respir Med Case Rep. 2017; 20: 87–88.



HFNC vs NIV in COPD AE 
- RCT in Korea

European Respiratory Journal 2016 48: PA3058



Role of HFNC in Respiratory Failure

http://emcrit.org/pulmcrit/proposal-early-ventilator-weaning-to-hfnc-in-hypoxemic-respiratory-failure/



Role of HFNC in Respiratory Failure

http://emcrit.org/pulmcrit/proposal-early-ventilator-weaning-to-hfnc-in-hypoxemic-respiratory-failure/



HFNC - CO2 removal for stable COPD

COPD. 2019 Dec;16(5-6):368-377. 



HFNC - QoL for stable COPD

COPD. 2019 Dec;16(5-6):368-377. 



HFNC vs NIV for Intubation of AECOPD

Heart & Lung 50 (2021) 252-261



HFNC vs NIV in Mortality of AECOPD

Heart & Lung 50 (2021) 252-261



보험 급여 기준(2016.8-)



인공호흡기 요양비 지급대상 상병

폐질환과 만성호흡부전이 동반되는 경우 특정기호 

호흡기 및 상세불명 결핵의 후유증 (B90.9) + 만성호흡부전 (J96.1)

일차성 폐동맥고혈압 (I27.0) + 만성호흡부전 (J96.1) V202

기타 이차성 폐성 고혈압 (I27.2) + 만성호흡부전 (J96.1)

폐성 심장(만성) NOS (I27.9) + 만성호흡부전 (J96.1)

기타 만성 폐색성 폐질환 (J44) + 만성호흡부전 (J96.1)

기관지확장증 (J47) + 만성호흡부전 (J96.1)

기관기관지의 허탈 (J98.01) + 만성호흡부전 (J96.1)

기타 명시된 호흡장애 (J98.8) + 만성호흡부전 (J96.1)

심장질환과 만성 호흡부전이 동반되는 경우 
심장의 선천이상 NOS (Q24.9) + 만성호흡부전 (J96.1)

신생아, 선천기형(선천성황격막탈장, 선천성 T-E fistula)



https://www.nhis.or.kr/nhis/policy/wbhada17000m01.do



호스피스ㆍ완화의료 및 임종과정에 있는 환자의 연
명의료결정에 관한 법률

[시행 2017.8.4.] [법률 제14013호, 2016.2.3., 제정]
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